Materials and methods

Experimental design 13
Experiment 1 14 15
On 11 November 2014, six cages (160 m circumference, 37688 m 3 volume) holding 16 one sea-winter (1-SW) Atlantic salmon (n=124086 ± 11898 fish pen −1 ) with a mean (± 17 standard error of mean, SEM) live body-weight (BW) of 1190 ± 106 g were exposed to LL 18 using four 360 W BlueLED lights per pen (AKVA group ASA, Tromsø, Norway). Three 19 photoperiod treatments were tested in duplicate where additional light was introduced on 20 three different dates i.e. 11 November (LL-11 Nov), 24 November (LL-24 Nov) and 13 Dec 21 (LL-13 Dec). The LL-13 Dec is the current production regime used by the commercial 22 partner. Water temperature at 6 m depth ranged between 6.7 °C in November to 3.6 °C in 23
March. All six cages were returned to NL on 31 March the following year (2015) and all fish 24 8 slaughtered from July to September 2015. The fish were fed a commercial dry diet according 1 the manufacturer recommendations (Ewos, Bergen, Norway one sea-winter (1-SW) Atlantic salmon (n=20742 ± 2033 fish pen −1 ) with a mean (±SEM) 7 live body-weight of 1536 ± 166 g were exposed to LL using four 360 W BlueLED light per 8 pen (AKVA group ASA, Tromsø, Norway). Two photoperiodic treatments were tested in 9 duplicate where additional light was introduced on two different dates i.e. 15 November (LL-10 15 Nov) and 13 Dec (LL-13 Dec). Water temperature at 6 m depth ranged between 8.3 °C in 11
November to 3.6 °C in March to 6.8 °C in May 2016. The cages were returned to NL on 31 12
March and reared on NL until slaughtered in May 2016. The fish were fed a commercial diet 13 according the manufacturer recommendations (Biomar, Myre, Norway). 14 15
Growth 16 17
Growth measurements in the present study are based on counting and bulk weighing 18 of all fish in all sea pens at the start and termination of each experiment. In between, biomass 19 was controlled using an electronic data base system from FishTalk® (AkvaGroup, Norway) 20 for stock control and further documentation of the production. From the numbers stocked, fish 21 lost during production due to mortalities were deducted. Monitoring of biomass development 22 (growth) was based on daily recording of the fed amount and subsequent conversion into 23 biomass using an expected feed conversion ratio. Mean weights were indirectly derived as 24 total biomass divided by the number of fish in the unit. Supplemental biomass estimation was 25 done using automated systems and used to adjust the FCR and subsequent mean weight 1 estimations. These automated systems comprise stereo-camera systems or frame systems for 2 single fish biomass estimation in situ, both being based on optical readout and specific weight 3 
where C is feed consumption in the sea pen during the period and B2 and B1 are biomass in 21 tank (g) at days t2 and t1, respectively. Daily feeding rate (F) was calculated from F=100 C / 22 W where W is the mean daily fish weight over the experimental period. were measured on muscle homogenates, prepared by homogenising 100 mg of muscle tissue 18 in 300 μl of extraction buffer (100 mM Na-acetate in 0.2% Triton X-100, pH 5.5) in Precellys 19 tubes CK 28 (2 ml), and homoganized using Ultra Turrax (IKA, USA) at 12500 rpm. 20
Obtained homogenates were centrifuged at 16,016×g (4 °C, 30 min) and the supernatants 21 were used to measure enzyme activities. 22
Cathepsin B + L and cathepsin B activities were measured fluorometrically, according 23 to a modified method described by Kirschke et al. (1983) . The release of the fluorogenic 24 reagent 7-amido-4-methylcoumarin was determined by fluorescence measurements 25 (excitation and emission wavelengths were 360 and 460 nm, respectively). As substrates, Z-l-1 phenylalanine-l-arginine-7-amido-4-methylcoumarin (Z-Phe-Arg-AMC) was used for 2 cathepsin B + L activity, whereas Z-l-arginine-l-arginine-7-amido-4-methylcoumarin (Z-Arg-3 Arg-AMC) was used for cathepsin B activity. To estimate cathepsin L activity, the activity of 4 cathepsin B was subtracted from cathepsin B + L activity (Bahuaud et al., 2009). All samples 5
were analysed in triplicate, and the mean was calculated. The activity was expressed in U g -1 6 muscle where 1 U was defined as 1 mol product produced per minute at 40°C. 7 8
Statistical methods 9 10
To assess normality of distributions a Kolmogorov-Smirnov test (Zar, 1984) was used 11
and homogeneity of variances was tested using Levene's F test (Brown and Forsythe, 1974) . 12
Possible differences in mean weights, specific growth rates, feed conversion ratio, feed intake 13 and cathepsin activity among treatments were tested using a two way nested Model III 14 ANOVA, where the replicates (random) were nested within continuous light treatment groups 15 (fixed). Significant ANOVA were followed by a Student-Newman-Keuls multiple 16 comparison test (Zar, 1984) Mortality was higher ( 2 = 4.1, P < 0.05) for the smaller salmon in Experiment 1 5 (overall mean 4.7 %) compared to the larger salmon in Experiment 2 (overall mean 2.0 %). 6
There were no systematic differences in mortality related to duration of continuous light in 7 either experiment. In Experiment 1, mortality was 4.6, 5.8 and 2.9% for the LL-11 Nov, LL-8 24 Nov and LL-13 Dec groups, respectively, whereas it was 1.9 and 2.1% for the LL-15 Nov 9 and LL-13 Dec groups in Experiment 2. Mean weight varied between experimental groups in 10 both experiments (Figs. 1-2) . In Experiment 1, the mean weight of the LL-11 Nov group was 11 significantly higher (Student-Newman-Keuls (SNK) test, P < 0.05, Fig. 1 ) compared to the 12 LL-13 Dec group in February and March, and the final weight was 20% higher in the LL-11 13 Nov group. In Experiment 2, the final weight in June varied between the two experimental 14 groups (SNK test, P < 0.05, Fig. 2 ) and was 13% higher in the LL-15 Nov group compared to 15 the LL-13 Dec group. Growth rate differed between the experimental groups in both 16 experiments (Table 1) . In Experiment 1, the overall growth was 20% higher (SNK test, P < 17 0.05, (Table 1) . In Experiment 1 LL-11 Nov had significantly better FCR 3 compared to the other two groups (SNK test, P < 0.05) and in Experiment 2 the LL-15 Nov 4 had significantly higher daily feeding rate compared to the LL-13 group (Table 1) .
(two way nested ANOVA, P < 0.05, Fig. 3 ) as the LL-15 Nov group had higher cathepsin 10 activity in January. No other differences in cathepsin activity were observed. 11 12
Vertebra deformities 13 14
No differences in vertebra deformities were found between the experimental groups in 15 Experiment 1. In analysed groups 30 % of the sampled fish had vertebra deformities. In 16 general, these were mild and consisted of aggravations of 2 to 4 fused vertebrae (Fig. 4A-C) . 17
Only one fish had a severe vertebra deformity with 9 deformed vertebrae (Fig. 4D) . No maturation was seen in any of the groups at slaughter. The study was performed 10 under commercial conditions with low ambient temperatures. Previous studies have shown 11 that the switch from short to long days is the key photoperiodic signal regulating Atlantic 12 salmon maturation. An arrest of sexual development is indeed observed within 6 weeks of 13 LL-exposure in fish remaining immature (Taranger et al., 1998 (Taranger et al., , 1999 . This photo-inhibition 14 would have occurred before late March in all regimes tested here such that timing of LL 15 termination had no effect on maturation rates at harvest. The study of Vikingstad et al. (2015) 16 demonstrated that final sexual maturation and spawning in large (6-7 kg) Atlantic salmon is 17 strongly influenced by temperature, with elevated temperatures (14-16 °C) having a 18 deleterious effect on these processes. In contrast, rearing the females at cold (decreasing from 19 7 to 3°C) amplified and advanced the profiles of all three endocrine steroids investigated 20 compared with the ambient group (decreasing from 11 to 5°C), and increased the survival 21 rates to the eyed egg stage. However, the fish in Vikingstad et al. 
